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Abstract
The aim of this study was to assess the economic beneﬁts of improved cognitive development related to being breast-fed. Breast-feeding rates
were assessed in the Avon Longitudinal Study of Parents and Children. Educational attainment was assessed at age 16 years with higher
attainment deﬁned as gaining ﬁve General Certiﬁcate of Secondary Education (GCSE) passes at a high grade. The economic beneﬁt of being
breast-fed was calculated in a decision model using a child’s educational attainment and the corresponding expected value of average income
in later life. There was a positive association between being breast-fed and achieving higher educational attainment, which remained
signiﬁcant, after adjustment for possible confounders: being breast-fed <6 months yielded an OR of 1·30 (95 % CI 1·13, 1·51) and for
≥6 months yielded an OR of 1·72 (95 % CI 1·46, 2·05), compared with never breast-fed children. On the basis of UK income statistics, the
present value of lifetime gross income was calculated to be £67 500 higher for children achieving 5 high-grade GCSE passes compared with
not achieving this. Therefore, the economic beneﬁt of being breast-fed <6 months would be £4208 and that for ≥6 months would be £8799/
child. The model shows that the increased educational attainment associated with being breast-fed has a positive economic beneﬁt for society,
even from small improvements in breast-feeding rates. Within a total UK birth cohort of 800 000/year an increase by 1 % in breast-feeding rates
would be worth > £33·6 million over the working life of the cohort. Therefore, breast-feeding promotion is likely to be highly cost-effective
and policymakers should take this into consideration.
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It is well established that infant nutrition can have a programming
effect on human health in later life(1). In particular, the beneﬁcial
effects of being breast-fed on the child’s later health status have
been known for some time. Organisations like WHO, UNICEF
and many national health agencies recommend exclusive breast-
feeding as the best type of infant nutrition for the ﬁrst 4–6 months
of life. Besides the improvements relating to blood cholesterol,
blood pressure and obesity risk in later life(2–5), one of the most
widely known effects of being breast-fed is improved cognitive
development(6). Several observational studies and one rando-
mised trial(7) have shown a strong association of breast-feeding
with full-scale IQ, with breast-fed children scoring up to ﬁve
points higher on average; the results have been consistently
conﬁrmed in several meta-analyses(8–10). There is still some con-
troversy as to whether these beneﬁcial effects result from the
properties of breast-feeding itself, or whether there are other
social or genetic factors between mother and child that contribute
to increased intellectual development.
It has been suggested that the supply of long-chain PUFA
(LCPUFA), particularly DHA and arachidonic (AA) acids, in
breast milk is responsible for optimum fetal neurodevelopment.
The effect of these LCPUFA has been tested in trials with
supplemented formula in comparison with standard infant for-
mula and showed mixed results(11,12).
Theory and research show that infant nutrition plays a major
role in cognitive development in early childhood and that this
effect continues at school age and has an impact on academic
performance and productivity in later life(13–16). Therefore, early
nutrition is likely to have both social and economic importance
over the life course. Many programmes have been implemented
to improve education systems and learning conditions in
schools, but little effort has been made to improve the nutri-
tional status of infants and preschool children despite the
consistent associations that have been demonstrated between
early nutrition and cognitive development. It has been shown
that early childhood nutrition programmes can help to improve
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child health status, and later educational performance at school,
and therefore gain a positive cost–beneﬁt factor(17–19). Data
from the most recent publication of the Organisation for
Economic Co-Operation and Development (OECD)(20) on the
distribution of income and educational attainment in indus-
trialised countries show a clear association between school
attainment and later income. The higher the educational
attainment, the higher the percentage of people with earnings
above the median. Below the upper secondary education
attainment level, the percentage of people earning less than the
median income is >70 % and almost every fourth person
receives less than half of the median income.
To assess the economic impact of infant nutrition-related
improvements in cognitive development and child’s later school
performance, health economic model calculations showed
a great potential beneﬁt for society(21). In this study we
have used data from the Avon Longitudinal Study of Parents
and Children (ALSPAC) to assess the effect of infant nutrition
on the educational attainment of the cohort at age 16 years
and to estimate the possible later economic impact of
infant nutrition as predicted by a modiﬁed economic model
calculation.
Methods
Study population
ALSPAC is an ongoing population-based study designed to
investigate the effects of environmental, genetic and other
inﬂuences on the health and development of children(22).
Eligible participants were pregnant women resident in the
former Avon health authority in South West England who were
expected to deliver between April 1991 and December 1992.
A cohort of 14 541 pregnant women were recruited, resulting
in 13 988 children (alive at 12 months). Self-completion
questionnaires were administered to the mothers during preg-
nancy and at various ages of the child. Infant feeding was
assessed by parental-completion postal questionnaires when
the child was 6 and 15 months of age, which covered the use of
infant formula and duration of breast-feeding as well as the age
at which other drinks and solids were introduced. The ques-
tionnaire answers were veriﬁed in a sub-sample of the infants
(n 1000) whose parents recorded everything they consumed in a
24-h period at 4 months of age. Copies of the questionnaires are
available at the ALSPAC website http://www.bristol.ac.uk/alspac/
researchers/resources-available/data-details/questionnaires. Ethical
approval for the study was obtained from the ALSPAC Ethics
and Law Committee and the Local Research Ethics Committees.
The study website contains details of all the data that are
available through a fully searchable data dictionary: http://www.
bris.ac.uk/alspac/researchers/data-access/data-dictionary/
Outcome variable: school attainment
In the UK, all children are assessed for their attainment of the
set criteria at each age or Key Stage (KS) of education. KS scores
obtained from the relevant education authorities in the National
Pupil Database (NPD) were matched to the ALSPAC child
cohort. We used the KS4 results, administered as General
Certiﬁcate of Secondary Education (GCSE) when children are
15–16 years of age, to assess school attainment. GCSE are
available in more than forty academic and nine ‘applied’
subjects. GCSE are graded A*–G and U (unclassiﬁed): In the
ALSPAC cohort GCSE scores were available for 10 107 children.
As a threshold for the classiﬁcation of attainment, we applied
the commonly used benchmark of achieving ﬁve or more GCSE
at grades A*–C, including maths and English.
Statistical methods
School attainment, as the binary outcome variable, and the type
of infant feeding used (breast milk or formula) are both
inﬂuenced by a number of socio-economic, demographic and
lifestyle factors. Possible confounders or mediators relating to
the mother that were considered included maternal age,
maternal education, maternal smoking and maternal life events
and those relating to the child included whether the child was a
single or multiple birth, sex and ethnicity, birth weight and the
number of siblings at birth (see Table 1). The majority of
these factors differed strongly between the two educational
attainment groups and were controlled for in the analysis to
attempt to remove confounding bias.
To assess the effect of breast-feeding on the outcome
variable, the association was tested by calculating the OR of two
groups of breast-fed children (up to 6 months, and 6 months
or more of breast-feeding duration) compared with never
breast-fed children.
Model design
The economic decision model was developed, using the special
decision analysis software TreeAge Pro 2012 (TreeAge Software
Inc.), to calculate the economic impact in terms of later lifetime
income. The Model analyses the expected economic outcome
related to the choice of infant feeding method, comparing
upper and lower educational attainment and their resulting
average income in later life (micro-economic approach).
Because of data availability the model had to be limited to the
two measured school attainment levels (achieving ﬁve GCSE at
grade A*–C compared with not achieving this) without stratiﬁ-
cation for sex- or age-speciﬁc data.
The model’s structural design is shown in Fig. 1. It consists of
a decision tree with an assumed effective nutritional interven-
tion at the beginning and the subsequent strategy paths to
the two different educational attainment levels and the
corresponding yearly income, allocated with the associated
probabilities. The duration of this complete process is divided
into equal intervals, so-called cycles, reﬂecting 1 year. The
time component is built into the model, as every path has
its economic outcome for the different years. The model reﬂects
the human lifecycle, where a person passes a decision path
with a certain probability and gets a speciﬁc economic outcome
for each year of life. In the present model, a person after
having failed or achieved the relevant attainment level can
go on with further secondary/tertiary education or start
working. After ﬁnishing the education phase in the years of
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D
ow
nloaded from
 https://w
w
w
.cam
bridge.org/core . U
niversity of B
ristol Library , on 11 D
ec 2019 at 15:11:12 , subject to the C
am
bridge C
ore term
s of use, available at https://w
w
w
.cam
bridge.org/core/term
s . https://doi.org/10.1017/S0007114515001233
working life following, a corresponding economic outcome is
received every year. From the point of view of society the
economic beneﬁt is contributed in the form of individual net
income and social beneﬁts (income tax and social security
contributions).
As a result of the analysis, the expected average income
values for the different model paths are calculated, and, given
the implicit assumptions, a clear monetary statement on the
potential economic beneﬁt of a nutritional intervention and its
assumed effect on educational achievements can be made.
Assessment of economical costs and beneﬁts
The model was designed for the economic analysis from the
societal point of view to compare the resulting economic
beneﬁts with possible public intervention costs – for example,
for promoting breast-feeding as the most favourable nutrition
strategy.
The most important cost factor for the economic analysis is
the expenditure on educating a person that has to be included
in the model calculations. As we are analysing the impact of
different educational attainment levels at age 16 years, the costs
for education up to this stage are supposed to be the same,
whether or not the high attainment level is achieved. Therefore,
the difference in educational costs is only assessed after
completion of KS4 (with GCSE), and the costs for the different
types of continuing education (sixth form, college and
university) have to be taken into account as well as the fact that
students with higher educational attainment at age 16 years
tend to have more years of continuing education. The yearly
Table 1. Distribution of potential confounding/mediating factors between children not achieving and those achieving five or
more General Certificates of Secondary Education (GCSE) at grade C or above
(Numbers and percentages)
<5 GCSE*, Grade C or
above (49·7%)
At least 5 GCSE*, Grade C or
above (50·3%)
n % n %
Sex
Male (50·5%) 3383 55·6 2797 45·5
Female (49·5%) 2698 44·4 3354 54·5
χ2= 126·3 (P< 0·0001)
Maternal age
<20 (9·4%) 736 12·1 418 6·8
20–29 (56·1%) 3709 61·0 3152 51·2
30+ (34·5%) 1636 26·9 2581 42·0
χ2= 344·2 (P< 0·0001)
Maternal education
Low (31·6%) 2232 45·7 1037 18·9
Medium (36·0%) 1758 36·0 1969 36·0
High (32·5%) 893 18·3 2468 45·1
χ2= 1156·9 (P< 0·0001)
Housing
Owner/occupied (76·5%) 3265 64·7 4779 87·4
Council/housing association (16·8%) 1385 27·5 386 7·1
Rented/other (6·7%) 394 7·8 306 5·6
χ2= 843·6 (P< 0·0001)
Maternal life events
None (31·5%) 909 30·4 1366 32·4
1 (30·9%) 909 30·4 1321 31·3
2 (20·0%) 604 20·2 836 19·8
3+ (17·6%) 572 19·1 699 16·6
χ2= 9·28 (P=0·026)
Birth weight
<2500 g (11·1%) 716 11·8 647 10·5
≥2500 g (88·9%) 5365 88·2 5504 89·5
χ2= 4·87 (P= 0·027)
Gestation
<37 weeks (6·2%) 390 6·8 328 5·6
37+ weeks (93·8%) 5375 93·2 5523 94·4
χ2= 6·73 (P=0·009)
Maternal smoking
None (74·9%) 3537 66·9 4678 82·4
Some (25·1%) 1753 33·1 1001 17·6
χ2= 350·5 (P< 0·0001)
Parity
0 (44·1%) 2075 40·1 2674 47·7
1 (35·5%) 1820 35·1 2010 35·9
2+ (20·4%) 1284 24·8 917 16·4
χ2= 129·9 (P< 0·0001)
* GCSE are graded A* (highest value) to G (lowest value).
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expenditure for the different educational institutions per student
and the average years of education for the different attainment
levels were taken from the OECD statistical database on
education(20) and implemented in the developed model,
according to the corresponding model stages.
On the economic outcome side of the model, higher edu-
cational attainment is associated with an increased chance of a
better-paid job, hence a higher income from working life(23,24).
The economic impact of improved educational skills will not be
realised until the students move into the labour force. Because
of their average longer duration of continuing education, stu-
dents with higher attainment levels start later in the working
process. Therefore, the age-speciﬁc income data had to be
implemented into the different model paths. As we are ana-
lysing the economic effect from the societal point of view, not
only does the individual’s net income need to be assessed but
also the employee’s income tax payments and social security
contributions have to be taken into account. These three factors
are combined into the gross income, which reﬂects the societal
economical beneﬁt generated by the employee’s working pro-
ductivity (micro-economic approach of economic growth).
Finally, because economic costs and beneﬁts accumulate at
varying times into the future, it is important to recognise that more
immediate beneﬁts are both more valuable and more certain than
those far in the future. In order to incorporate this, the entire
future costs and beneﬁts in the model are converted into a dis-
counted present value. In our model we used the commonly
accepted rate of 5 %/annum for discounting the future income(25).
Hence, this calculation of present discount values allows a rele-
vant comparison for the different paths in the model.
Results
Association of breast-feeding with school attainment
The association between breast-feeding and school attainment
at KS4 was assessed (Table 2). Unadjusted analysis showed an
almost 2-fold higher chance of a child achieving ﬁve GCSE at a
high grade if breast-fed for up to 6 months and a 3·5-fold higher
chance if breast-fed for 6 months or more compared with never
being breast-fed. After adjustment for the confounders listed in
Table 1, the effect size was attenuated but there was still
evidence of a beneﬁcial effect of breast-feeding: an OR of 1·30
(95 % CI 1·13, 1·50) for <6 months and an OR of 1·72 (95 % CI
1·46, 2·05) for ≥6 months of breast-feeding. We also tested the
possible additional effect of maternal intake of n-3 long-chain
fatty acids in pregnancy, but the effect sizes were unchanged by
adjustment for maternal ﬁsh consumption as an indicator for
intake of these fatty acids (Table 2).
Calculation of individual lifetime income
The model and its imputed data on the economic outcome for
the different educational attainment levels were used to calcu-
late the stratiﬁed individual lifetime income, expressed as
amount of Great Britain Pound at its present value for the year
2012. The calculated income in later working life is based on
the current nominal income data for the UK. This individual
gross income consists of net income, income tax payments and
individual social security contributions, with time-dependent
varying income data with each model cycle. The income is
calculated until the age of 65 years and subsequent pension
payments are disregarded, as they have to be generated by the
productive working population at that time.
Using the data from the UK labour force survey and income
statistics(23) for our model calculation, the current value of
lifetime income for children achieving the attainment threshold
of ﬁve GCSE at grades A*–C was calculated to be ₤67 535 higher
than for children not obtaining these grades (Table 3). The
difference between the calculated lifetime incomes of the two
educational attainment groups represents the net beneﬁt for the
society from improved educational attainment.
Table 4 shows the expected beneﬁt of being breast-fed to
the lifetime income of ALSPAC children. In the present model
the expected lifetime income was calculated to be on average
₤4208 higher for children who were breast-fed for up to
Early
nutrition
Nutrition
A
standard
Nutrition
High educational
attainment
Low educational
attainment
Prob a
Prob b
High educational
attainment
Low educational
attainment
Prob c<a
Prob d>c
Income X 
Income Y<X 
Income X 
Income Y<X 
Nutritional
intervention
Mental 
development
Economic
outcome
Breast-
feeding
No breast-
feeding
Fig. 1. Structure of the decision model. The figure shows the simplified structure of the decision tree, starting on the left with the decision between the two infant
feeding alternatives breast-feeding (top branch) and bottle feeding (bottom branch). The arrows in each branch represent the associated mental development status
with its specific probabilities and the subsequent later economic outcome.
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6 months compared with never breast-fed children. For those
breast-fed for 6 months or more the average expected lifetime
income is increased by ₤8799.
Discussion
Although there is still a debate about which components of
breast-feeding can be claimed to be responsible for improving
child cognitive development, the analysis of ALSPAC data
showed a positive effect of being breast-fed on educational
attainment at the age of 15/16 years, which remained after
adjustment for socio-economic confounders. Such results
conﬁrm the long-term programming effect of early nutrition.
This combined with the well-established association between
educational achievements and later individual and societal
economic beneﬁts suggests that being breast-fed has a
net-positive economic beneﬁt; we have quantiﬁed this at
current UK monetary values. The present model calculation
shows that the economic beneﬁt of improving childhood cog-
nitive skills by breast-feeding (<6 months) was an increase in
expected lifetime income of £4200 (approximately €5000) per
child. Breast-feeding for 6 months or more was more than
double at £8800 (approximately €10 000). This relatively small
beneﬁt per child could have a great economic impact for society
even with only a small increase in the breast-feeding rate
among mothers. In the ALSPAC cohort with approximately
10 000 children, with 26 % of them being never breast-fed, a
reduction of non-breast-feeding by only 1 % would generate a
total economic beneﬁt of > £400 000 (approximately €500 000).
Transferring this to a total UK birth cohort of approximately
800 000 children/year, the 1 % increase in the breast-feeding
rate would generate a gain of > £33 million (€40 million) over
the working lifetime of the cohort.
There are some limitations in the present model calculations,
which warrant discussion. The present analysis was developed
to reduce the various complex relationships and correlations
that occur in reality to a well-structured model that considers
only a few relevant economic effects. The design of the
decision model is highly simpliﬁed and should therefore be
examined critically. One of the model’s main simpliﬁcations is
the differentiation between only two levels of educational
attainment. In reality there is much greater variation in
educational attainment within a population, but this is a
recognised dichotomy in the UK (e.g. for entry into further
education courses). At the time of this study, KS4 was the latest
available educational outcome and therefore this model sim-
pliﬁcation was inevitable. It is important to emphasise that this
limitation is likely to underestimate the real economic impact.
With a more detailed range of educational outcomes (such as
further and higher education), the economic beneﬁts of
achieving a higher attainment resulting in increased expected
income would tend to be higher than in the present model with
only one threshold.
Furthermore, we have not considered sex-related differences in
educational achievements; this maybe important for the expected
lifetime income as there may be fewer average working years of
females because of maternal child care. These effects had to be
disregarded because of the limited availability of relevant data.
Other effects of increased educational attainment not considered
in this model are the decreased risk of unemployment and the
increase in public spending needed for increased education
infrastructure. Like every other economic model, the present
analysis cannot represent the reality in detail, but it attempts to
reﬂect the main effects and their resulting consequences.
Table 2. Associations between breast-feeding duration and having five or more General Certificates of Secondary Education (GCSE) grades at grade C or
above, including maths and English
(Odds ratios and confidence intervals)
Unadjusted (n 10 107) Adjusted for typical confounders* (n 6223) Additional adjustment for maternal fish intake (n 6075)
OR 95% CI OR 95% CI OR 95% CI
Child breast-fed
Never (26·2%) 1·00 1·00 1·00
<6 months (45·0%) 1·92 1·74, 2·13 1·30 1·13, 1·50 1·30 1·13, 1·51
6+ months (28·8%) 3·48 3·10, 3·90 1·72 1·46, 2·05 1·71 1·45, 2·01
P <0·0001 <0·0001 <0·0001
* Adjusted for sex, maternal age, maternal education, housing, maternal life events, birth weight, gestation, maternal smoking and parity
Table 3. Lifetime income calculation
Educational attainment
Expected average lifetime income
discounted to present value (£)
5 or more GCSE at grade A*–C 516 433
<5 GCSE at grade A*–C 448 898
Difference 67 535
GCSE, General Certificates of Secondary Education.
Table 4. Income effect of breast-feeding
(95% confidence intervals)
95% CI
Expected lifetime income per child
(never breast-fed)
£473 255
Adjusted OR 1·30 for breast-feeding
<6 months
Expected lifetime income per child £477 463 475 193, 479 962
Benefit per child £4208 1938, 6708
Adjusted OR 1·71 for breast-feeding
6 + months
Expected lifetime income per child £482 054 479 274, 484 782
Benefit per child £8799 6019, 11 528
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On the basis of these ﬁndings, any publicly ﬁnanced
breast-feeding promotion activity that achieved an increase in
breast-feeding rates would be highly cost-effective and should
be supported. Furthermore, it is important to point out that any
additional positive health beneﬁt of improved early nutrition
due to breast-feeding is likely to bring additional economic
beneﬁt for the individual and society(26). Hence, the current
analysis of the economic impact from breast-feeding of
improved mental development will be an underestimate of the
real beneﬁt that can be gained.
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